Introduction
============

Only modest improvement has been made in the survival of patients treated for head and neck carcinoma over the last 30 years, in part because obtaining clear resection margins is difficult. Pathology in the margin is an important prognostic factor for relapse-free survival (RFS) in head and neck cancer managed with primary surgery because remaining tumor cells or dysplastic epithelial cells in the margins may lead to the local recurrence (LR) of oral squamous cell carcinoma (OSCC).[@b1-cmar-11-1465]--[@b3-cmar-11-1465] Even if the histological status of surgical margins is "clear", the LR rate remains between 10% and 30%.[@b4-cmar-11-1465] Traditionally, surgeons and pathologists have classified surgical margins as involved margins (margin ≤1 mm), close margins (margin 1--5 mm), or clear margins (margin \>5 mm).[@b3-cmar-11-1465]

While considerable data characterizing the influence of residual carcinoma at the margin are available, the impact of dysplastic margins on prognosis is less clear. Additionally, excising an area of dysplasia adjacent to an invasive cancer in the course of an extirpative procedure can affect quality of life, with larger resections generally resulting in a reduced functional outcome. Generally, severe dysplasia (carcinoma in situ) and invasive carcinoma at the margin are considered a "positive margin" needing additional resection, while both moderate and mild dysplasia at the margin do not warrant further surgery. The prognostic importance of severe dysplasia at the margin appears significant, while the prognostic importance of moderate and mild dysplasia at the margin is relatively unclear. Up to now, dedicated reports describing the outcomes of moderate and mild dysplasia are sparse, and management techniques range from re-excision for any dysplasia to close observation and are pursued without the benefit of a marker which can predict the patient's prognosis.[@b5-cmar-11-1465]

We hypothesized dysplasia margins that share the same changes in marker expression as those observed in OSCC. Therefore, it is important to identify molecular markers that correlate with relapse in patients with dysplastic margins. p53 is a classic tumorsuppressor protein that correlates with the carcinogenesis of OSCC. Brennan et al were the first to validate the potential utility of the p53 protein as a molecular marker in the assessment of "molecular surgical margins" for patients with OSCC.[@b6-cmar-11-1465] Therefore, we performed immunohistochemical analyses to assess changes in the p53 protein in dysplasia margins to establish whether the marker could predict LR in patients with dysplastic margins.

Patients and methods
====================

Patients and tumor specimens
----------------------------

This study was approved by the medical ethics committee of the Stomatological Hospital, Medical School of Nanjing University and was carried out according to the recommendations of the Declaration of Helsinki. Seventy-two patients with early OSCC and who met the following inclusion criteria were recruited: 1) all the patients were diagnosed with pT1-2, N0 OSCC according to the American Joint Committee on Cancer guidelines; 2) all the tumor biopsy specimens were diagnosed as invasive OSCC; 3) all the patients had at least an initial frozen-section dysplastic margin: mild 45, moderate 17, severe 10; 4) no radiotherapy or chemotherapy was received before or after surgery. All patients were treated with primary surgical resection alone at the Stomatological Hospital, Medical School of Nanjing University between 2007 and 2014. Dysplasia was reported as either mild, moderate, or severe according to the WHO criteria.[@b7-cmar-11-1465] Severe/moderate dysplasia at an initial frozen-section margin was additionally excised, while additional resection in a separate surgical procedure was recommended for those with severe/moderate dysplasia at a final margin. During the study period, mild dysplasia at the margin was not re-resected when assigned by the frozen section analysis. LR was defined as tumor regrowth \<2 cm away from the index tumor and occurring within 3 years.[@b8-cmar-11-1465] Smoking was scored as Y (yes) if a patient had a history of smoking and N (no) if a patient had never smoked. The follow-up status of the patients was obtained by contacting the patients or their relatives. The mean follow-up time was 57.1 months (range 6--124 months).

Immunohistochemistry
--------------------

Immunohistochemistry was used to detect monoclonal mouse anti-p53 (Abcam, Cambridge, UK) in margin sections from all 72 patients according to the manufacturer's protocol, and PBS and normal margin was used as negative controls. Margins that contained \> 50 parabasal or suprabasal cell nuclei in the dysplastic epithelium were considered positive.[@b9-cmar-11-1465]

Statistical analysis
--------------------

The SPSS 17.0 software package was used for statistical analysis. Chi-square tests were used to determine the correlation between p53 and the clinicopathological data of the patients. We estimated survival curves using the Kaplan--Meier method and compared them using a two-sided log-rank test. The Cox proportional hazards model was used to investigate the predictor for local RFS, and the factors with significant difference in univariate Cox analysis were included in a multivariable Cox regression. *P*\<0.05 was considered statistically significant.

Results
=======

Clinical characteristics
------------------------

Seventy-two patients with early OSCC (pT1-T2, N0) were enrolled in the study. The clinical details of the 72 patients are shown in [Table 1](#t1-cmar-11-1465){ref-type="table"}. The study included 31 women and 41 men with a median age of 53.0 years (range 31--77). Of the 72 patients, 29 (40.2%) were tobacco consumers. During the follow-up period, 12 patients (16.6%) died, and 16 patients (22.2%) experienced LR.

Patients with moderate/severe dysplasia had poor RFS
----------------------------------------------------

The relationship between the grade of dysplastic margin, pathologic grade, and smoking history was not significant ([Table 1](#t1-cmar-11-1465){ref-type="table"}). Tumor recurrence was close to statistical significance (*P*=0.072). The Kaplan--Meier estimates and log-rank tests showed the grades of dysplastic margin (mild/moderate/severe) were not correlated with RFS ([Figure 1A](#f1-cmar-11-1465){ref-type="fig"}). As moderate dysplasia and severe dysplasia at the margin appeared to behave in a similar clinical fashion, we divided the patients into two groups: a mild dysplasia group and a moderate/severe dysplasia group. The survival curves validated the conclusion that the moderate/severe dysplasia group had poor RFS ([Figure 1B](#f1-cmar-11-1465){ref-type="fig"}). Our result was consistent with those of previous reports.

p53 expression pattern in dysplastic margins
--------------------------------------------

Next, we examined the expression of p53 in dysplastic margins. [Table 2](#t2-cmar-11-1465){ref-type="table"} shows the immunohistochemistry quantification score. p53 was mainly localized in the basal layer of epithelial cells with some expression in the suprabasal layer ([Figures 2](#f2-cmar-11-1465){ref-type="fig"} and [3](#f3-cmar-11-1465){ref-type="fig"}; [Table 3](#t3-cmar-11-1465){ref-type="table"}), and 32 (44.4%) had at least one p53-positive margin ([Table 4](#t4-cmar-11-1465){ref-type="table"}). No significant difference was found between mild, moderate, and severe dysplasia ([Figure 4](#f4-cmar-11-1465){ref-type="fig"}). The expression of p53 at the dysplastic margins was positively correlated with tumor recurrence (*P*\<0.001), but in these patients with early OSCC it was not correlated with pathologic grade, grade of dysplasia, or smoking history ([Table 4](#t4-cmar-11-1465){ref-type="table"}).

p53-positive expression in moderate/severe dysplastic groups had a worse RFS than mild dysplastic groups
--------------------------------------------------------------------------------------------------------

In order to analyze the effect of p53-positive expression on treatment outcome in different grades of dysplastic margins, we divided the patients into three groups: mild/moderate/severe dysplasia groups. We found that p53-positive expression was more strongly associated with recurrence in the mild and severe dysplasia groups (*P*=0.012 and *P*=0.018 respectively, [Table 5](#t5-cmar-11-1465){ref-type="table"}). p53 expression was correlated with RFS in moderate/severe dysplasia groups ([Figure 5B, C](#f5-cmar-11-1465){ref-type="fig"}). Mild dysplasia was not correlated with RFS, but it was close to statistical significance ([Figure 5A](#f5-cmar-11-1465){ref-type="fig"}).

Grade of dysplastic margin was not correlated with RFS in patients with p53-negative expression
-----------------------------------------------------------------------------------------------

The Kaplan--Meier estimates and log-rank tests showed that p53-positive expression in dysplastic margins was correlated with local RFS ([Figure 6A](#f6-cmar-11-1465){ref-type="fig"}). We further analyzed the relationships between the grade of dysplastic margin and RFS in the p53-positive group and the p53-negative group. The result showed that the grade of dysplastic margin was correlated with RFS in the p53-positive group ([Figure 6B](#f6-cmar-11-1465){ref-type="fig"}), but not in the p53-negative group ([Figure 6C](#f6-cmar-11-1465){ref-type="fig"}). Multivariable analysis validated the hypothesis that p53 expression in dysplastic margins was an independent risk factor for recurrence ([Table 6](#t6-cmar-11-1465){ref-type="table"}).

Discussion
==========

LR after surgery is often indicated by the presence of residual cancer or dysplastic cells in the OSCC surgical margins.[@b10-cmar-11-1465],[@b11-cmar-11-1465] However, the relationship between the degree of dysplasia and tumor recurrence has not been fully elucidated, especially with a lack of molecular markers to predict recurrence for OSCC with dysplastic surgical margins. Sopka et al[@b12-cmar-11-1465] reported that severe/moderate dysplasia at the surgical margin correlated with LR for early stage tongue cancer. Weijers et al[@b13-cmar-11-1465] reported that mild/moderate epithelial dysplasia in the margins of OSCC was indicative of a significant risk for LR. Our team[@b14-cmar-11-1465] also demonstrated that mild epithelial dysplasia correlated with LR and RFS. p53 is a classic tumor suppressor gene, and its mutation is closely related to the occurrence and development of tumors. It has been used to evaluate molecular surgical margins in OSCC.[@b15-cmar-11-1465] p53 mutations in surgical margins (deep or mucosa margin) have been shown to be valuable in predicting LR in patients with head and neck squamous cell carcinoma, even with negative margins.[@b16-cmar-11-1465]--[@b21-cmar-11-1465] Because the detection of markers in the dysplastic surgical margins can easily be performed within 2 weeks, p53 may be a useful marker to make postoperative decisions for patients with OSCC and dysplastic surgical margins.[@b21-cmar-11-1465] In most patients with OSCC, the recurrence after surgery was a result of genetically changed fields around the primary tumor.[@b22-cmar-11-1465],[@b23-cmar-11-1465]

The pathologic evaluation of oral epithelial dysplasia is dependent upon the thickness of the involved epithelium and is subject to significant intra- and inter-observer differences in the grading of specimens. Severe dysplasia and carcinoma in situ have been considered positive margins that need further surgical excision.[@b24-cmar-11-1465] As a uniform standard is lacking for further resection of mild and moderate dysplasia, molecular markers are urgently needed to evaluate dysplastic margins, especially for mild and moderate dysplasia.

In the present study, the relationship between the grades of dysplastic margins and tumor recurrence was not significant, but did approach statistical significance. When we divided the patients into mild dysplasia and moderate/severe dysplasia groups, the recurrence rate in the moderate/severe group (9/25, 36%) was significantly higher than in the mild group (7/47, 14.9%) and had poorer RFS, results that are consistent with a previous report.[@b12-cmar-11-1465] For p53 expression in patients with dysplastic surgical margins, a significant association was found between the expression of p53 in the dysplastic margins and tumor recurrence, indicating a poor RFS. An analysis of the effect of p53 expression status on RFS with different grades of dysplastic margins showed that the grade of dysplastic margin was correlated with RFS in the p53-positive group, but not in the p53-negative group. These data suggest that p53 expression may contribute to tumor recurrence. Multivariate analysis also validated the hypothesis that p53 expression in dysplastic surgical margins was an independent prognostic factor for LR in patients with early OSCC.

We further analyzed the effect of p53-positive expression on treatment outcomes with different grades of dysplastic margin. We found that p53-positive expression was more strongly associated with recurrence in the mild and severe dysplasia groups (*P*=0.012 and *P*=0.018, respectively). p53 expression was correlated with RFS in the moderate/severe dysplasia group ([Figure 5](#f5-cmar-11-1465){ref-type="fig"}). Mild dysplasia was not correlated with RFS, but was close to statistical significance. Therefore, close follow-up is recommended for patients with p53-positive expression.

This study was limited in that it was a retrospective analysis with a small sample size. We chose immunohistochemistry to evaluate p53 expression instead of a quantitative method primarily because fresh biopsy tissues were not available. Although immunohistochemistry is a semi-quantitative method, it is currently the most commonly used, the most straightforward, and the most cost-effective protocol.[@b25-cmar-11-1465] Many factors likely contribute to the malignant transformation of dysplastic margins, of which p53 expression may be one. Therefore, larger prospective studies are needed to confirm molecular markers for dysplastic margins.

Conclusion
==========

p53 expression and the grade of dysplasia were significantly associated with tumor recurrence for early OSCC with dysplastic surgical margins. Both p53-positive expression in dysplastic surgical margins and the grade of dysplastic margins were correlated with RFS. We further confirmed that the grade of dysplastic margins in patients with p53-positive margins was correlated with RFS, but not in those with p53-negative margins. Overall, p53 overexpression was an independent risk factor for early OSCC with dysplastic surgical margins.
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![Grade of dysplastic margin and relapse-free survival. **Notes:** (**A**) Mild vs moderate vs severe. (**B**) Mild vs moderate/severe.](cmar-11-1465Fig1){#f1-cmar-11-1465}

![p53 expression pattern in oral epithelial mucosa.\
**Notes:** (**A**) Surface/middle layer. (**B**) Spinous layer. (**C**) Basal layer. (**D**) Lamina propria. (**E**) Submucosa. Scale bar: 500 μm (40×), 50 μm (400×).](cmar-11-1465Fig2){#f2-cmar-11-1465}

![p53 expression in dysplastic margin.\
**Notes:** (**A**) Normal margin. (**B**) Mild dysplasia. (**C**) Moderate dysplasia. (**D**) Severe dysplasia. Scale bar: 500 μm (40×), 250 μm (200×).](cmar-11-1465Fig3){#f3-cmar-11-1465}

![p53 expression score in dysplastic margin.](cmar-11-1465Fig4){#f4-cmar-11-1465}

![Relationship between p53 expression and relapse-free survival in mild/moderate/severe dysplasia groups.\
**Notes:** (**A**) Mild. (**B**) Moderate. (**C**) Severe.](cmar-11-1465Fig5){#f5-cmar-11-1465}

![Grade of dysplasia and relapse-free survival (RFS) according to p53 expression.\
**Notes:** (**A**) p53 and RFS. (**B**) p53-positive group. (**C**) p53-negative group.](cmar-11-1465Fig6){#f6-cmar-11-1465}

###### 

Patient characteristics according to grade of margin dysplasia

  Characteristics          Mild (n=47)   Moderate (n=17)   Severe (n=8)   *P-value*
  ------------------------ ------------- ----------------- -------------- -----------
  Age (years)                                                             
   \<60                    21 (44.7%)    6 (35.3%)         4 (50%)        0.766
   ≥60                     26 (55.3%)    11 (64.7%)        4 (50%)        
  Sex                                                                     
   Male                    26 (55.3%)    12 (70.6%)        3 (37.5%)      0.295
   Female                  21 (44.7%)    5 (29.4%)         5 (62.5%)      
  Smoking history                                                         
   Yes                     20 (42.5%)    7 (41.2%)         2 (25%)        0.714
   No                      27 (57.5%)    10 (58.8%)        6 (75%)        
  Histological grade                                                      
   Well differentiated     39 (82.9%)    15 (88.2%)        6 (75%)        0.792
   Poorly differentiated   8 (17.1%)     2 (11.8%)         2 (25%)        
  Recurrence                                                              
   Yes                     7 (14.9%)     6 (35.3%)         3 (37.5%)      0.072
   No                      4 (85.1%)     11 (64.7%)        5 (62.5%)      

###### 

Score table of immunohistochemistry quantification

  Intensity (score)       Number of positive cells (score)                               
  ----------------------- ---------------------------------- ------------- ------------- -------------
  Weak staining (1)       0 (2/2.77%)                        1 (13/18.%)   2 (4/5.5%)    3 (1/1.38%)
  Moderate staining (2)   0 (2/2.77%)                        2 (2/2.77%)   4 (4/5.5%)    6 (2/2.77%)
  Strong staining (3)     0 (1/1.38%)                        3 (2/2.77%)   6 (2/2.77%)   9 (2/2.77%)

###### 

Expression of p53 in different locations of oral epithelial mucosa

  Location               Number of p53-positive cells
  ---------------------- ------------------------------
  Surface/middle layer   0
  Spinous layer          3
  Basal layer            29
  Lamina propria         0
  Submucosa              0

###### 

p53 expression in dysplasia margin

  Characteristics          p53 expression                
  ------------------------ ---------------- ------------ -------------
  Age (years)                                            
   \<60                    12 (37.5%)       19 (47.5%)   0.394
   ≥60                     20 (62.5%)       21(52.5%)    
  Sex                                                    
   Male                    16 (50%)         25 (62.5%)   0.287
   Female                  16 (50%)         15 (37.5%)   
  Smoking history                                        
   Yes                     12 (37.5%)       17 (42.5%)   0.667
   No                      20 (62.5%)       23 (57.5%)   
  Histological grade                                     
   Well differentiated     26 (81.2%)       34 (85%)     0.671
   Poorly differentiated   6 (18.8%)        6 (15%)      
  Recurrence                                             
   Yes                     14(43.7%)        2 (5%)       \<**0.001**
   No                      18 (56.3%)       38 (95%)     
  Grade of dysplasia                                     
   Mild                    20 (62.5%)       27 (67.5%)   0.697
   Moderate                9 (28.1%)        8 (20%)      
   Severe                  3 (9.4%)         5 (12.5%)    

**Note:** Statistically significant values are shown in bold.

###### 

p53 status combine with grade of surgical margin dysplasia in relation to the disease reccurence

                             Tumor reccurence   *P*-value   
  -------------------------- ------------------ ----------- -----------
  P53+ /Mild dysplasia       6(30%)             14(70%)     **0.012**
  P53- /Mild dysplasia       1(3.7%)            26(96.3%)   
  P53+ /Moderate dysplasia   5(55.6%)           4(44.4%)    0.131
  P53- /Moderate dysplasia   1(12.5%)           7(87.5%)    
  P53+ /Severe dysplasia     3(100%)            0(0%)       **0.018**
  P53- /Severe dysplasia     0(0%)              5(100%)     

**Note:** Statistically significant values are shown in bold.

###### 

Histopathological and molecular markers that determine local relapse-free survival

  Variables            Univariable            Multivariable                          
  -------------------- ---------------------- --------------- ---------------------- -----------
                                                                                     
  Sex                  1.823 (0.678-4.902)    0.234                                  
  Grade of dysplasia   2.619 (0.972-7.059)    0.057                                  
  Histological grade   0.666 (0.151-2.941)    0.592                                  
  Smoking history      0.477 (0.154-1.478)    0.199                                  
  Age                  3.647 (1.039-12.807)   **0.043**       3.345 (0.951-11.766)   0.06
  P53                  6.716 (1.907-23.657)   **0.003**       6.354 (1.804-22.383)   **0.004**

**Note:** Statistically significant values are shown in bold.
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